(19) 




Europaisches Patentamt 
Eur pean Patent Offi e 
Offic uropeen d s br v ts 



(12) 



(43) Date of publication: 

15.10.1997 Bulletin 1997/42 

(21) Application number: 97302405.2 

(22) Date of filing: 08.04.1997 



(11) EP 0 801 221 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 6: F02K 1/76 



(84) Designated Contracting States: 


• Hiett, John Edward 


DE PR GB IT 


Oxiey, Wolverhampton WV10 6TW (GB) 




• Hudson, Tim 


(30) Priority: 09.04.1996 GB 9607375 


Telford, Shropshire TF2 9QW (GB) 


16.04.1996 GB 9607859 


• IMcKay, Richard John 




Brewood, Staffs. ST19 9DX (GB) 


(71) Applicant: LUCAS INDUSTRIES public limited 


• Urbanosky, Thomas F. 


company 


Cincinnati, Ohio 45215 (US) 


Solihull, B90 4LA (GB) 






(74) Representative: Walte, Anthony William et al 


(72) Inventors: 


MARKS & CLERK, 


• Harvey, John Herbert 


Alpha Tower, 


Perton, Wolverhampton WV6 7SJ (GB) 


Suffolk Street Queensway 




Birmingham B1 ITT (GB) 



(54) Actuating system for an aircraft thrust reverser 



(57) A thrust reverser system for a gas turbine air- 
craft engine has a plurality of fluid pressure-operable ac- 
tuators (11 A. 118) for operating a thrust reverser (10), 
the jacks being interconnected by synchronising means. 
A first valve (53) is operable to connect the actuators to 
a source of fluid under pressure for deployment of the 
thrust reverser. At least two of the actuators (11 B) are 



provided respectively with locks (55, 56), at least one of 
which (55) is releasable by fluid pressure supplied by 
way of second valve means (54) operable independent- 
ly of the first valve means (53). The arrangement Is such 
that deployment of the thrust reverser is prevented until 
the second valve (54) is operated to release the kx:k 
(55). 
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Descrlpti n 

This Invention relates to a thrust reverser system 
and Is particularly concerned with the locking of such a 
system against Inadvertent operation. 

A known aircraft thrust reverser system for use with 
a fan type gas turbine engine includes a cowt which is 
movable axially relative to the rotary axis of the engine 
to uncover openings in which are located torwardly di- 
rected louvres. The resulting air flow through the open- 
ings creates a reverse thrust which will act to slow the 
forward movement of the aircraft. The axial movement 
of the cowl is effected by at least two fluid pressure op- 
erable jacks which are interconnected by a flexible shaft 
to ensure that the movements of the jacks are synchro- 
nised. The system also incorporates a locking arrange- 
ment to prevent the cowl from moving to uncover the 
aforesaid openings until required by the pilot of the air- 
craft. 

In order to provide the required security against fail- 
ure and Inadvertent operation, It is known, in such sys- 
tems, to provide so called primary, secondary and terti- 
ary locks, each of which must be disabled before the 
cowl can be moved to obtain thrust reversal. Such a 
locking arrangement is complex and the object of the 
present Invention Is to provide a thrust reverser system 
In a simpler form in which the required reliability and se- 
curity against inadvertent operation of the system can 
be obtained with fewer locks. 

According to the Invention a thrust reverser system 
comprises a plurality of fluid pressure-operable actua- 
tors for operating a thrust reverser, synchronising 
means Interconnecting the actuators and acting to main- 
tain operating movement of the latter substantially in 
synchronism, first valve means operable to connect the 
actuators to a source of fluid under pressure for deploy- 
ment of the thrust reverser, at least two of the actuators 
being provided respectively with locks, at least one of 
which locks Is releasable by fluid pressure supplied by 
way of second valve means operable independently of 
the first valve means, the arrangement being such that 
deployment of the thrust reverser is prevented until the 
second valve is operated to release said at least one 
lock. 

In the accompanying drawings: - 

Figure 1 shows in perspective the layout of the es- 
sential components of one example of a thrust re- 
versal system; 

Figure 2 is a section through part of one of the jacks 
seen in Figure 1 ; 

Figure 3 shows the hydraulic circuit diagram of the 
system seen in Figure 1 ; 

Figur 4 Is a part-sectional sid levatlon showing 
a switch-actuating mechanism for Incorporation In 



one of the jacks of Figure 2, and 

Figure 5 shows a further example of one of th jacks 
seen in Figure 1 . 

5 

In Figure 1 of the drawings there is shown part of a 
cowl 1 0 of a gas turbine aircraft engine which, when air- 
craft braking assistance is required, is deployed to un- 
cover openings in the side of the engine casing so as to 
10 allow air pressurised by the engine fan to flow there- 
through. The openings are provided with louvres which 
direct the air f orwardly thereby to create a reverse thrust. 
The movement of the cowl in the deploy and stow direc- 
tion is effected, in the example, by four jacks 11 A, 11 B 
IS of the fluid pressure operable piston cylinder type, the 
cylinders 1 2 of which are mounted on the engine casing 
and the piston rods 13 of which mount couplings 13A 
which are attached to the cowl. 

The upper pair of jacks 11 A are simple piston/cylln- 
20 der units Incorporating electrical feedback whereas 
each of the lower pair of jacks 11 B Incorporates a lock 
mechanism to be described. Fluid under pressure, con- 
veniently hydraulic fluid, is supplied to the jacks through 
pipes 14 and 15 to deploy the cowl 10. The pipe 15 is 
25 connected by short branch pipes 1 6 to the remote ends 
of the cylinders 12 respectively and it Is convenient for 
at least the pipe 1 4 to have its ends terminated in the 
lower jacks 11B. Associated with the tower jacks 11 B 
are handwinding units 17 respectively whereby for 
30 maintenance purposes and In the absence of hydraulic 
fluid under pressure, the cowl 10 can be moved between 
its deployed and stowed positbns. 

The pipe 1 4 besides serving to convey hydraulic flu- 
Id also accommodates a rotary flexible shaft which is 
35 coupled to each of the jack pistons as will be described, 
to ensure that each jack extends and retracts in syn- 
chronism with the others. 

In Figure 2 of the drawings there is shown a sectton 
through part of one of the jacks 11 B. The piston rod 13 
40 Is hollow and Is integrally formed with an elongate an- 
nular piston 18. The Internal surface of the piston over 
a substantial portion of Its length Is recessed to accom- 
modate an elongate sleeve 19 which extends beyond 
the piston. A portion of the sleeve 19 is in screw thread- 
45 ed engagement with the piston at 1 8A and the sleev is 
provided with a flange 1 9A which abuts against the end 
of the piston. A pin 45 is provided to secure the sle v 
and the piston against relative rotation and thereby ef- 
fectively to secure these components together. On Its 
50 Internal surface the sleeve carries a thread formation 20 
reverslbly meshing with a complementary thread forma- 
tion 21 which is formed on the outer peripheral surface 
of a tubular member 22 extending within the piston rod. 
The tubular member 22 is formed integrally with a pinion 
55 body 23 which Is mounted for rotation in bearings 24 
support d in a jack casing 25. The tubular member 22 
Is restrained against axial movement by the bearings 24 
and Is rotated by the action of the reversible thread con- 
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nection 20, 21 as the piston 18 moves axially in the cyl- 
inder. The pinion body 23 is provided with te th 23A 
which engage with complementary teeth fonmed on a 
short shaft (not shown) which is coupled to th aforesaid 
flexible shaft. The axis of the short shaft is indicated at 
26. As a result of interconnecting the respective jack pis- 
tons in this manner by way of the flexible shaft, the pis- 
tons are made to extend and retract in synchronism. It 
will be appreciated that the sleeve 19 could be formed 
integrally with the piston, and the thread formation 20 
would then be formed on the internal surface of the pis- 
ton. 

The cylinder 12 is integrally formed with an annular 
end cap 27 and this is formed with an inner axially ex- 
tending annular flange 28 and an outer axially extending 
annular flange 29. The inner surface of the inner flange 
forms an extension of the surface of the cylinder 12 and 
the outer surface of the outer flange 29 is in sealing en- 
gagement with the casing 25. 

The inner surface 30 of the outer flange 29 and the 
inner surface 31 of a portion of the casing spaced axially 
from the free end of the flange are of the same diameter 
whilst the inner surface 32 of the intervening casing por- 
tion has a larger diameter. These surfaces are in sealing 
engagement with an axially movable hollow plunger 34 
having an inner land 35 and outer lands 36, each of the 
lands being provided with a sealing ring to effect sealing 
with the respective surfaces. On opposite sides of the 
inner land 35 is defined a pair of chambers 37, 38 and 
the casing is provided with fluid connections to these 
chambers illustrated schematically at 37 A, 38A respec- 
tively. 

The inner surface of the plunger 34 is provided with 
a radially inwardly extending flange or lock member 39 
and the plunger is biased away from the end cap 27 by 
means of a coiled spring 40 acting between this flange 
arid the end cap. 

Formed In the outer periphery of the piston 18 is a 
circumferential notch 41 and a plurality of tines 42 is pro- 
vided for engagement within the notch. The notch 41 
has radially outwardly diverging opposed sides 41 A, 
41 B and each tine has corresponding inclined faces 
42A, 42B, for the purpose to be described- The tines are 
mounted on the ends respectively of resilient legs 43 
which extend from an annular support member 44 locat- 
ed in the casing and serving to support the axially inner 
one of the bearings 24. The member 44 also acts as a 
stop to limit the movement of the plunger 34 under the 
action of the spring 40. The support member 44 also has 
a radially inwardly extending flange portion 44A which 
is slotted to receive the slotted end portion of the elon- 
gate sleeve 1 9 when the piston is in Its illustrated re- 
tracted position. 

The tines 42 and the notch 41 are positioned as 
shown so that when the cowl 1 0 is in the stowed position, 
the tines enter into the notch and are held therein by the 
lock member 39 so that the piston 13 and th cowl 10 
are locked against mov ment towards the d ploy d po- 



sition of the cowl. The flange 1 9A on the sleeve 1 9 forms 
a secondary load path between the tines and the piston. 

As shown in Figure 2, the flange 19A of the sleeve 
19 is engaged by a radially inwardly extending flange 
s 46 integrally formed with an axially ext ndingsl eve 47 
which is slidably supported on the internal surface of the 
plunger 34. The flange 46 Is slotted to accommodate the 
tine supporting legs 43 and is biased by means of a 
spring 48 in a direction towards the tines 42. The move- 
10 ment of the sleeve 47 against the action of the spring 
48 is limited by the engagement of the end of the sleeve 
with the end of a further sleeve 49 which extends from 
a spring abutment 50 engaged with the support member 
44. In the stowed and locked position of the piston a 
15 clearance exists between the lock member 39 and the 
adjacent end of the sleeve 47. The spring 48 Is stronger 
than the spring 40 as will be explained. 

The interior of the casing 25 is In communication 
with the pipe 1 4. The cylinder 1 2, at its end remote from 
20 the casing 25, is in communication with the pipe 15 by 
way of the respective pipe 1 6. The effective end area of 
the portion of the piston 1 8 within the casing 25 is greater 
than that of the opposite end of the piston due to the fact 
that the remote end of the piston rod 1 3 extends from 
25 the casing, leaving a reduced annular effective piston 
area at this end. Therefore if the pipe 14 is connected 
to the same source of fluid under pressure as the pipe 
15, a resultant force will be developed on the piston 18 
acting in the direction to deploy the cowl 10. However, 
30 the end areas of the plunger 34 within the casing are the 
same so that there is no resultant force acting to cause 
movement of the plunger against the action of the spring 
40. The lock member 39 therefore retains the tines 42 
in the notch 41 so that no movement of the piston 1 8 
35 can take place and the cowl 1 0 consequently remains 
in the stowed position. 

In order to allow the tines 42 to move radially out- 
wardly for cowl release under the action of the force de- 
veloped on the piston 18, it is necessary to move the 
40 plunger 34 against the action of the spring 40. This is 
achieved by connecting the space 37 to a control pres- 
sure, the space 38 being in permanent communication 
with a drain. An axially facing side face of the centre land 
35 has a greater area than that of the opposing side face 
45 of the land 36, leading to a resultant force urging the 
plunger 34 towards the right-hand end of Figure 2, 
against the action of the spring 40. Fluid is displaced 
from the space 38 during this movement. Movement of 
the plunger towards the right moves the locking memb r 
50 39 out of engagement with the tines 42 thereby releas- 
ing the lock. If the interior of the casing is pressurised, 
the piston 18 is urged in the direction to deploy the cowl 
1 0, the tines 42, by virtue of their inclined faces 42A and 
the inclined face 41 A of the notch 41 , being urged radi- 
55 ally outwardly against the resilience of the legs 43. 

Under the action of the spring 48, the sleeve 47 fol- 
lows the movement of the piston 18 and engages with 
the lock m mber 39 to hold the \ock member in the un- 
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locked position against the action of the spring 40. 

This applies even if the control pressure is reduced 
or if, due to leakage past the central land 35 and block- 
age of the drain passage extending from the space 38, 
the pressur s in the two spaces 37 and 38 become s 
equal. If for some reason the pressures in the two spac- 
es 37, 38, are equal at the start of the deploy sequence, 
the plunger will be pressure balanced and no movement 
will take place so that the tines will remain in the locked 
position. to 

In order to stow the cowl, the control pressure in the 
space 37 is reduced and the pipe 1 4 connected to a bw 
pressure. In this situation the piston 18 is driven, by the 
now predominant pressure of pipe 1 5 in the cylinder 1 2, 
towards the position shown in Figure 2, thereby moving is 
the cowl towards the stowed position. As the piston 
moves, the flange 19A on the sleeve 19 engages the 
tines 42 to move them outwardly and then engages the 
flange 46 so that the sleeve 47 is displaced against the 
action of the spring 48, permitting the plunger 34 to per- 
form a return movement under the action of the spring 
40. Since the tines are now riding on the outer surface 
of the flange 1 9 A and the adjacent part of the piston 18, 
the return movement of the plunger and its locking mem- 
ber 39 cannot be completed until the tines have moved 2S 
into the notch 41 . It will be noted that in the stowed and 
locked position the sloping front edges 42B of the tines 
are spaced from the adjacent sloping side wall 41 B of 
the notch. 

Figure 3 shows various other items of the thrust re- 30 
versa! system described above. There can be seen in 
particular a first valve 53 which controls the flow of fluid 
under pressure to and from the pipes 14, 15, and a sec- 
ond valve 54 in the form of a solenoid valve which con- 
trols the supply of fluid under pressure via line 37A to 3S 
the space 37 of the plunger 34 of the one jack 11 B, The 
return line 38Afrom the space 38 is also shown. Corre- 
sponding lines for the other jack 118 are shown respec- 
tively at 378, 388. The lock 56 is de-activated to permit 
deploy movement of the associated jack 11 B by the di- 
rect supply of pressure fluid to this jack from the valve 
53. The system also includes an isolation valve 59 which 
can be closed to prevent the supply of fluid under pres- 
sure to the remaining components of the system. Sen- 
sor switches 55 A and 56A are provided on the locks 55 
and 56 to provide an indication of the condition of these 
locks. 

It will be seen that, by contrast, the other lock 55 
can only be de -activated by operation of the solenoid 
valve 54, and since the latter is operable independently 
of the valve 53 which controls the cowl deployment pres- 
sure and activates the other lock or locks, it is necessary 
to perform three distinct operations in order to deploy 
the cowl. This provides the necessary security against 
inadvertent deployment of the cowl and is achi ved with 55 
a reduced number of locks as compared with some con- 
ventional syst ms. The system of th invention may pro- 
vide this advantag whether the locks ar Id ntical, as 



illustrated, or whether they are different from ach other. 

Also provided are position transducers 57, 58 which 
generate signals indicative of the positions of the re- 
spective piston rods 13 of the jacks 11 A. Th se signals 
are supplied to an engine control unit. A sensor switch 
may be mounted on the cowl 1 0 to provide an indication 
of movement of the cow) away from the stowed position, 
such movement being conveniently assisted by the re- 
silience of a seal interposed between the cowl and the 
engine casing. Such movement may be due to the re- 
lease of one of the locks and is allowed due to compli- 
ance of the system components including the cowl. 

In a modification of the system shown in Figure 3, 
the solenoid valve 54 is connected directly to the fluid 
pressure supply line instead of by way of the isolating 
valve 59. This obviates the possibility with the Figure 3 
system, of failure to determine a malfunction of the lock 
55 In the event that the isolating valve 59 and the sole- 
noid valve are operated simultaneously. In addition, 
each jack 11 A is provided with a sensor switch which is 
responsive to the position of the respective piston to pro- 
vide a signal indicative of when the piston is in the cowl 
stowed position. 

Figure 4 shows one example of an operating mech- 
anism for a "stow" sensor switch for incorporation in one 
of the non-locking jacks 11 A. The switch is indicated 
generally at 98, being mounted on a casing 99 and hav- 
ing an operating element 1 00 which is engaged by a ball 

101 . The ball is urged radially outwardly when a piston 

102, equivalent to the piston 13 of Figure 2, is in the 
illustrated retracted position, by a ramp surface defined 
at one end of a circumferential groove 1 03 formed on a 
sleeve 104 slidable on the internal surface of the casing 
99. One end of the sleeve is engaged by the piston 102 
as the latter moves to the retracted position and th 
sleeve is biased in the opposite direction by a spring 
1 05, one end of which engages an internal flange 1 04A 
of the sleeve and the other end of which engages the 
adjacent bearing housing 144. During extension of the 
piston the ball 101 moves off the ramp surface to allow 
the operating element of the switch to move inwardly. 

A modified version of the jacks 1 1 B is seen in Figure 
5 in which, in correspondence with Figure 2, the piston 
rod is shown at 1 3 and the cylinder at 1 2. The piston rod 
is integrally formed with a piston 80 which is similar to 
the piston 18 of the example of Figure 2 except that in- 
stead of the notch 41 it is provided with an abutment 
flange 81 for engagement by tines 82. As in the example 
of Figure 2 the piston is provided with an elongate tubu- 
lar sleeve 83 which is secured within a recess in the pis- 
ton. The sleeve is provided with a reversible thread for- 
mation 83A which is engaged with a complementary 
thread formation formed on the periphery of the tubular 
member 22, in a manner similar to that illustrated in Fig- 
ure 2. 

An end cap 84 has a p ripheral axially xt nding 
flang 84A about which is locat d th casing 25. As in 
the xampi of Figure 2, the casing has a stepped In- 
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ternal surface which, together with the internal surface 
of the flange 84A supports a plunger 86. The outer con- 
figuration of the plunger corresponds to that seen In Fig- 
ure 2. On Its internal surface the plunger is fomned with 
a locking rib 87 for engagement with the tines 82 and 
immediately adjacent the rib there is formed a recess 
88 into which the tines can move when the plunger is 
moved to the unlocked position. At its opposite end the 
plunger Is provided with an inwardly directed flange 89 
provided with radial slots which accommodate the resil- 
ient tine support legs 82A. The flange 89 forms an abut- 
ment for one end of a coiled compression spring 90 the 
other end of which is engaged by a sleeve 91 engaged 
with the piston 80. Extending within the tubular member 
22 is a switch operating member 92. The operating 
member extends through the pinion body 23 and has a 
flange 92A which is urged into engagement with the end 
wall of a chamber 93 by a spring 94. The operating mem- 
ber has an extension which is provided with a switch 
operating detent, the switch (not shown) constituting the 
'deploy' switch and being mounted on the surrounding 
housing. 

In operation in order to deploy the cowl, the control 
pressure is applied from the valve 54 (Figure 3) to the 
space 37 at the left of the centre land of the plunger 86 
and this results in movement of the plunger against the 
action of the spring 90, moving the locking rib 87 out of 
engagement with the outer surface of the tines 82 and 
bringing the recess 88 into register with the tines. 

When fluid under pressure is supplied from the fluid 
pressure supply valve 59 (Figure 3) via the direction 
control valve 53 to the interior of the casing 25 the piston 
80 and the associated piston rod 1 3 will extend to deploy 
the cowl. The initial movement of the piston effects dis- 
placement of the tines 82 outwardly into the recess 88 
and they are maintained in this position by the sleeve 
91 which moves with the piston under the action of the 
spring 90 during the initial piston movement. The plung- 
er is thus locked in position. The extent of movement of 
the sleeve 91 is determined by a pin 91 A which projects 
inwardly from the plunger 86 and locates in a slot formed 
in the sleeve. The slot is open at its end adjacent the 
flange 81 but is closed at its opposite end. The fact that 
the plunger is held in its tine unlocked position means 
that it will maintain this position even if the control pres- 
sure is removed or the space 38 to the right hand side 
of the plunger becomes filled with fluid under pressure. 

As the piston reaches its fully extended position the 
switch operating member 92 will be moved against the 
action of the spring 94 to actuate the switch which there- 
by provides a signal indicative of the fact that the cowl 
is fully deployed. 

When It Is required to stow the cowl, the interior of 
the casing 25 is connected to a drain as also is the space 
37 to th left of the centre land of the plunger 86. The 
plunger remains in the tine unlocked position but the pis- 
ton 80 moves under the action of the fluid pressure in 
the cylinder 12 towards the position shown. As the pis- 



ton approaches this position, it engages the sleev 91 
to displace the sleeve against the action of the spring 
90. As the flange 81 on the piston moves beneath the 
tines 82 to the position shown, the tines move inwardly 

s behind the flange to lock the piston and at the same time 
they move out of the recess 88 to free the plunger. The 
plunger can then move under the action of the spring 90 
to the position shown, and the tines are held in the piston 
locking position by the locking rib 87. The switch oper- 

10 ating member 92 moves under the action of the spring 
94 to switch off the 'deploy' signal as soon as the piston 
starts its return movement. 

It Is necessary to provide a signal indicative of th 
position of the plunger 86 and since it is also necessary 

IS to be able to move the plunger by hand to the unlocked 
position for maintenance purposes, it is convenient to 
combine these two requirements. As shown in Figure 5, 
a pivotal lever 95 Is .engaged with the plunger In th 
groove forming the space 38 on the right hand side of 

20 the centre land. The lever 95 is coupled to a manually 
operable lever 96 by any convenient mechanism oper- 
able to convert rotary movement of the lever 96 in a first 
plane to angular movement of the lever 95 in a plane 
perpendicular to the first. A sealing arrangement is pro- 

25 vided to ensure that there Is no leakage of fluid. A switch 
(not shown) is provided and is responsive to the position 
of the lever 95 to provide an indbation of the 'lock' po- 
sition. 



30 

Claims 

1. A thrust reverser system comprising a plurality of 
fluid pressure-operable actuators (1 1 A, 1 1 B) for op- 

3S erating a thrust reverser (1 0), synchronising means 
interconnecting the actuators and acting to maintain 
operating movement of the latter substantially in 
synchronism, first valve means (53) operable to 
connect the actuators to a source of fluid under 

40 pressure for deployment of the thrust reverser, at 
least two of the actuators (11 B) being provided re- 
spectively with locks (55, 56), at least one of which 
locks (55) is releasable by fluid pressure supplied 
by way of second valve means (54) operable inde- 

4S pendently of the first valve means (53), the arrang - 
ment being such that deployment of the thrust re- 
verser is prevented until the second valve (54) is 
operated to release said at least one lock (55). 

so 2. A system according to Claim 1 . wherein a lock (56) 
not releasable by way of the second valve means 
(54) is releasable by fluid pressure supplied by way 
of the first valve means (53) to the associated actu- 
ator (11 B) for deployment of the thrust reverser (10). 

55 

3. A syst m according to Claim 1 or Claim 2, wherein 
th first and s cond valve means (53, 54) are con- 
nected to a common pr ssure source. 



BNSDOCID: <EP 0801 221 A2 I > 



9 



EP 0 801 221 A2 



10 



4. A system according to any one of Claims 1 to 3, 
wherein tlie actuators are interconnected by pres- 
sure fluid pipes (14. 15) connectable by the first 
valv means (53) to the fluid pressure source, the 
second valve means (54) being conn cted to the s 
pressure source upstream of the first valve means 
and being operable selectively to apply fluid pres- 
sure along a first path (37 A) to said at least one lock, 
whilst providing a second path (38A) serving as a 
permanent fluid return path from said at. least one 
lock (55). 

5. A system according to any one of the preceding 
claims, wherein said at least one lock (55) includes 

a locking device (41 , 42) serving, in a locking posi- is 
tlon thereof to retain a thrust reverser-operating pis- 
ton (1 8) of the associated actuator (1 1 B) in retracted 
position, and fluid pressure-operated retention 
means (34) for the locking device normally urged 
towards a position in which it retains the locking de- 
vice in its locking position, operation of the second 
valve means (54) to apply fluid pressure to the re- 
tention means (34) resulting in movement of the lat- 
ter such as to release the locking device from Its 
locking position and thereby free the piston (1 8) for 2S 
thrust reverser deployment. 



6. A system according to Claim 5, wherein the reten- 
tion means (34) is movable under the influence of 
resultant force arising from pressure applied to dif- 30 
ferent opposed areas (35, 36) thereof. 

7. A system according to Claim 5 or Claim 6, wherein 
an auxiliary locking element (47) is held in an inop- 
erative position by abutment means (19A) associ- 3S 
ated with the piston (18) when the latter is in its re- 
tracted position, said element being movable, when 

the piston moves in the deployment direction, to a 
position in which it prevents retum movement of the 
retention means (34) from its lock-release position 40 
until the piston returns to its retracted position. 

8. A system according to Claim 7, wherein the reten- 
tion means (34) and auxiliary locking element (47) 
are urged respectively by first and second springs 
(40, 48) towards their respective locking positions, 
the force of the second spring (48) being greater 
than that of the first spring (40). such that following 
deploying movement of the piston (18), the reten- 
tion means (34) cannot be returned by the first so 
spring to its locking position until the locking ele- 
ment (47) is returned towards its locking position by 
retum movement of the piston. 

9. A system according to any one of Claims 5 to 8, ss 
wherein the locking devic is at least on resiliently 
mounted tine (42) engageable with at least one cor- 
responding notch (41) in the piston (18) or a mem- 



ber fast with the latter 

10. A system according to any one of the preceding 
claims, wherein the second valve (54) is a solenoid 
valve. 

11. A system according to any one of Claims 1 to 3, 
wherein the second valve (54) is connected directly 
to the pressure fluid source. 

12. A system according to Claim 5 or Claim 6, wherein 
the retention means (86) and locking device (82) 
are arranged so that when the retention means (86) 
is moved to a position in which the locking device 
is freed from its locking position, the locking device 
acts to maintain the retention means (86) in said po- 
sition. 

13. A system according to Claim 12, wherein the lock- 
ing device (82) is shaped so that, in its locking po-. 
sition, it engages a recess in the piston (80) to lock 
the latter in its retracted position, and. when re- 
leased from the piston recess, it engages a recess 
(88) in the retention means which comes into reg- 
ister with the locking device (82) when the retentk>n 
means (86) moves to free the locking device. 

14. An actuator for a thrust reverser system according 
to any one of the preceding claims, comprising a 
pressure fluid-operable piston (18) movable in a cyl- 
inder by actuating fluid pressure between a retract- 
ed position and an extended position in which, in 
use, an associated thrust reverser (10) is deployed, 
a lock including locking means (41, 42) serving to 
retain the piston in its retracted position, and fluid 
pressure-operable retention means (34) for the 
locking device normally urged towards a position in 
which it retains the locking device in its locking po- 
sition, and being movable by the application of fluid 
pressure to release It from its locking position and 
thereby free the piston (18) for thrust reverser de- 
ployment. 

15. An actuator according to Claim 14, wherein the re- 
tention means (34) is movable under the influence 
of resultant force arising from pressure applied to 
different opposed areas (35. 36) thereof. 

16. An actuator according to Claim 14 or Claim 15, 
wherein an auxiliary lock element (47) is held in an 
inoperative position by abutment means (19A) as- 
sociated with the piston (18) when the latter is in its 
retracted position, said element (47) being mova- 
ble, when the piston moves in the deployment di- 
rection, to a position in which it prevents return 
mov ment of the retention means (34) from its lock- 
rel ase position until the piston (18) returns to its 
retracted position. 
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17. An actuator according to Claim 14, wherein the re- 
tention means (34) and auxiliary locking element 
(47) are urged respectively by first and second 
springs (40, 4S) towards their resp ctive locking po- 
sitrons, th force of the second spring (48) being s 
greater than that of the first spring (40), such that 
following dep toying movement of the piston (18), 
the retention means cannot be returned by the first 
spring (40) to its locking position until the locking 
element (47) is returned towards Its locking position 
by retum movement of the piston. 
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(54) Actuating system for an aircraft thrust reverser 



(57) A thrust reverser system for a gas turbine air- 
craft engine has a plurality of fluid pressure-operable ac- 
tuators (11 A, 11 B) for operating a thrust reverser (10), 
the jacks being interconnected by synchronising means. 
A first valve (53) is operable to connect the actuators to 
a source of fluid under pressure for deployment of the 
thrust reverser. At least two of the actuators (118) are 



provided respectively with locks (55, 56), at least one of 
which (55) is releasable by fluid pressure supplied by 
way of second valve means (54) operable independent- 
ly of the first valve means (53). The arrangement is such 
that deployment of the thrust reverser is prevented until 
the second valve (54) is operated to release the lock 
(55). 
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